Four kinds of gas generant compositions comprised of 5-aminotetrazole nitrate(5-ATN) as the oxidizing component are provided.
Introduction
Gas generant compositions [1] can produce a relatively small amount of solids and a relatively abundant amount of gas upon combustion. The composition may be used for driving engines, for propulsion and guidance of rockets or other gas escape reaction propelled devices. Over the last decade, the study of gas generating agents have been focused on nitrogen-rich compounds such as azoles, guanidine, azo, etc [2] . Nitrogen-rich compounds contain large amounts of carbon(C) and nitrogen(N) elements, so upon combustion carbon monoxide and nitric oxide can been easily produced which may cause environmental pollution [3] . Consequently, the analysis and purification of the combustion gas of gas generant compositions is important.
As far as is known to the authors, there has not been an analytical method described which is capable of determining all components of combustion gas of the gas generant compositions. So the method of explosive gas analysis can be referred to analyse the combustion gas. Fletcher [4] found that the explosive gas of PBX-9501 and PBX-9502 contained low concentration of HCN, NH 3 , HF and C 2 H 2 F 2 through mass spectrometry analysis. Volk [5] also found that explosive gas contained a small amount of HCN and NH 3 through gas analysis. Through the method of T-Jump/FTIR, Brill [6, 7] found that CH 2 O, NO 2 , CO 2 , NO and CO were the main combustion products of doublebase propellant. Hu Bayi [8] collected the explosive gas of TNT and JOB-9003 in closed container and used gas chromatography to analyse the gas. All the methods make qualitative analysis of explosive gas, but there is no quantitative research. There are a few methods to purify harmful gas such as adsorption method [9] [10] [11] , chemical absorption and catalytic reduction method [12] . For different applications, it is necessary to select suitable method to purify harmful gas.
Gas generant compositions contain gas generating agents, oxidizers, binder and appended components [13] . The gas generant compositions claimed in this paper comprise 5-aminotetrazole nitrate(5-ATN) as gas generating agent and phenolic resin as the binder matrix. Potassium nitrate (KNO 3 ) and strontium nitrate (Sr(NO 3 ) 2 ) are chosen as oxidants and copper oxide (CuO) as appended component is also added to the gas generant compositions. Based on the zero oxygen balance [14] , four kinds of gas generant compositions are provided. The combustion gases are determined by gas chromatography (GC), ultraviolet spectrophotometer and a comprehensive system of flue gas analysis. Adequate agents are chosen to purify the combustion gas. After purification the combustion gases are analysed by the above methods to examine whether the agent can effectively remove the harmful gases.
Experiment

Materials and instruments
The gas generant compositions comprise 5-ATN as gas generating agent and phenolic resin as the binder matrix. Based on the zero oxygen balance, four kinds of gas generant compositions are provided. In formula 1 KNO 3 is chosen as oxidant and CuO as catalyst. In formula 2 KNO 3 is chosen as oxidant and there is no catalyst. Formula 3 comprises Sr(NO 3 ) 2 as oxidant and CuO as catalyst. In formula 4 there is Sr(NO 3 ) 2 as oxidant and no catalyst.
The compositions of standard gas are H 2 5.99%, N 2 62.96%, CO 8.02%, CH 4 3.01%, and CO 2 20.02% by volume.
The gas chromatograph used is FuLi GC 9790-. TU-1810 Ultraviolet spectrophotometer and comprehensive system of flue gas analysis LeiBo 3040 are also used in gas analysis. Closed bomb which is homemade is used to collect combustion gas.
Structure
Closed comb can measure P-t curve when the gas generant compositions burn in it. The body of the closed comb used in this experiment is made of high strength steel. One end of the closed comb is fitted with ignition plug containing ignition electrode in it. Ignition electrode is connected with electrical match. The gas generant composition is wrapped together with electrical match. An air vent connected to the other end is fitted with a cylinder valve. A gas regulator is connected to the cylinder valve through which the combustion gas can be discharged after combustion. Aluminum foil sample bags are used to collect the combustion gas. There is a pressure sensor next to the air vent which can test the P-t curve in the process of combustion.
Closed comb used in the experiment is shown in Fig. 1 .
Analysis of the combustion gas
The operating conditions for both analysis and the determination are as follows: TDX-01 chromatographic column, injector temperature 80 , thermal conductivity temperature 120 column temperature 100 , column pressure 0.2MPa, carrier gas argon (99.999%) and flow rate 25ml per minute. In order to reduce the error, the combustion gas is introduced into the gas chromatograph by means of the six-port valve and the amount of sample required is only 1ml. The relative retention time is used for qualitative analysis and the quantitative calculation of N 2 , CO and CO 2 is carried out by external standard method.
Referring to relevant standard [15] , TU-1810 ultraviolet spectrophotometer is used to determine NO x in the combustion gas. 
Purification of the combustion gas
Hopcalite [16] is used to purify the combustion gas. Before purification, lithium bromide is selected as desiccant to remove water vapor in the combustion gas. 20g of hopcalite are put into the U-tube. One end of the U-tube is connected directly with the closed bomb by rubber pipes and the other side with aluminum foil bag. The combustion gas can be purified through the U-tube and then is collected in the aluminum foil bag for gas analysis. As is shown in Fig. 2 , the combustion gas can produce peaks by a sequence of H 2 , N 2 , CO, CH 4 , CO 2 . As we can see, the chromatographic column gives adequate separation of the five kinds of gas and these peaks are relatively smooth. The retention time for each kind of gas is 2.915 minutes, 5.698 minutes, 7.023 minutes, 14.823 minutes and 28.640 minutes, respectively. The composition of the standard gas is detected by the normalization method of peak area: H 2 5.85%, N 2 63.02%, CO 8.02%, CH 4 3.02%, and CO 2 20.05% by volume which is compatible with the composition of the standard gas. Consequently, the conditions of this experiment are the most satisfactory.
Results and discussion
The measuring results of the combustion gas
10 g of each kind of gas generant compositions combust in the closed comb. 1L of combustion gas is put into the gas chromatograph by six-port valve. Under conditions of the experiment, the compositions of the combustion gas are detected by gas chromatograph and the results are shown in Fig. 3. (a) Chromatogram of the combustion gas of formula 1.
(b) Chromatogram of the combustion gas of formula 2.
(c) Chromatogram of the combustion gas of formula 3.
(d) Chromatogram of the combustion gas of formula 4. Fig. 3 . Chromatograms of the combustion gas of each formula. Fig. 3(a) is the chromatogram of the combustion gas of formula 1. As we can see from the figure, the combustion gas can produce peaks by a sequence of H 2 , N 2 , CO, CH 4 , CO 2 . The retention time for each kind of gas is 2.965 minutes, 5.782 minutes, 7.132 minutes, 14.932 minutes and 29.032 minutes which is consistent with that of each composition of standard gas. Chromatography workstation can detect each component gas according to the retention time and the method for calculating the composition is external standard method. Fig. 3 (b) to Fig. 3(d) are chromatograms of the combustion gas of formula 2 to 4 which is similar to the chromatogram of formula 1. The experimental results are shown in Table 1 . The oxidizer of formula 1 and formula 2 is KNO 3 , but the difference between the two formulas is that there is CuO in formula 1. As can be seen from table 1, adding CuO to the gas generant composition can effectively reduce the content of H 2 and CO in the combustion gas. It's also true in formula 3 and formula 4. The oxidizer of formula 3 and formula 4 is Sr(NO 3 ) 2 and CuO is added in formula 3. It is believed, therefore, that the addition of CuO to the gas generant composition can effectively reduce the content of H 2 and CO in the combustion gas. Formula 2 and formula 4 have different oxidizers. We can see from table 1 that there is less H 2 and CO in formula 4 in which Sr(NO 3 ) 2 is chosen as oxidizer. And it's true in formula 1 and formula 3. As a result, Sr(NO 3 ) 2 as oxidant can reduce the content of harmful gases such as CO.
There is even minute quantity of CH 4 in every formula of gas generant compositions. What's more, the amount of CH 4 varies little with the change of components in gas generant compositions. The effect on the environment can be neglected, so we won't discuss this further in this paper.
The determination of the NO x by ultraviolet spectrophotometer
The NO x cannot be determined by the gas chromatograph, so ultraviolet spectrophotometer is used to detect the NO x in the combustion gas.
As is shown in Fig. 4 , the NO x calibration curve is established by KNO 3 standard solution. The fitted linear regression equation for the calibration curve is y=0.15412x-0.01454 and the linear correlation coefficient R is 0.99378. Under the conditions of the experiment, the results have good sensitivity and high stability.
The absorbance of NO x can be obtained through ultraviolet spectrophotometer. According to the fitted linear regression equation and Eq.(1), the concentration of the NO x in the combustion gas is calculated.
W c V
(1) where c -the concentration of NO x in combustion gas, mg·m -3 ; W-the quality of NO x (in terms of NO 2 ) calculated by the fitted linear regression equation, μg; V-the volume of combustion gas in aluminum foil bag (taking 1L); 10-the coefficient of taking 5mL absorption liquid for calculation when the volume of absorption liquid is 50mL.
1L of the combustion gas of each kind of gas generant composition is collected for analyses by ultraviolet spectrophotometer. In order to minimize the measuremental error, each test is run three times and take the average as the final results (in Table 2 ).
The oxidizer of formula 1 and formula 2 is KNO 3 , but the difference between the two formulas is that there is CuO in formula 1. But as can be seen from table 2, the addition of CuO to formula 1 increases the content of NO x in the combustion gas. And it's also true in formula 3 and formula 4. In spite of the fact that the addition of CuO increases the content of NO x , it also increases the content of N 2 which is useful for application. Maybe the presence of CuO inhibits the formation of NH 3 , HCN and other products containing N element.
By analyzing the composition of the combustion gas of formulas with different oxidant, we find that the formulas with Sr(NO 3 ) 2 as oxidant can yield more NO x than those with KNO 3 . That's because choosing Sr(NO 3 ) 2 as the oxidant, the combustion temperature is higher which will promote the formation of NO x . 
The determination of the NH 3 by comprehensive system of flue gas analysis
The results are shown in Table 3 . As can be seen from Table 3 , there is a small amount of NH 3 in formulas with CuO. That's because the presence of CuO inhibits the formation of NH 3 , and as a result there is more N 2 in formula 1 and formula 3. But because of the high combustion temperature, the reaction between the part of N element and O 2 in the air can yield NO x , and that's why there are more NO x in formulas with CuO.
To sum up, the addition of CuO can reduce the formation of harmful gases such as CO and NH 3 , but will cause the increase of NO x in combustion gas.
The purification of the combustion gas
The harmful gases such as CO, NH 3 and NO x have damage to the environment, so it is necessary to purifying the combustion gas. However, N 2 and CO 2 in the combustion gas are what we need in application. Therefore, in the purging process, it is mainly to remove the harmful gas such as CO, NO x and NH 3 but the useful gas such as N 2 and CO 2 . Hopcalite used in the experiment, also known as CO adsorbent, can convert CO into CO 2 , and at the same time there is no effect on the content of N 2 and CO 2 .
The chromatograms of the combustion gas after purging are shown in Fig. 5 and the composition of the purged gas in Table 4 . By the data in Table 4 and Fig. 5 , after purification, the content of CO is reduced to zero, while the amount of CO 2 increased is just the amount of CO reduced. What's more, the hopcalite can also reduce the harmful gas such as NO x and NH 3 . The concentration of NO x is less than 100 mg·m -3 after purging which can meet the need of the most occasions. At the same time, the content of NH 3 is also reduced significantly. The hopcalite works well in the process of purging .
Conclusions
(1) The compositions of the combustion gas are detected by gas chromatograph, ultraviolet spectrometer and comprehensive system of flue gas analysis. Except for N 2 and CO 2 , there are other gases such as H 2 , CO, CH 4 , NO x and NH 3 in the combustion gas. Among them, CO, NO x and NH 3 have an adverse effect on the environment.
(2) The addition of CuO can reduce the formation of some harmful gases such as CO and NH 3 , but increase the content of NO x .
(3) The combustion gas is purified by the hopcalite agent. The experimental results show that hopcalite can not only convert all of CO to CO 2 but also reduce the content of NO x and NH 3 . The concentration of NO x is less than 100 mg·m -3 after purging. The hopcalite works well in the process of purging.
